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MaIIy s p a c e c r a f t  al~omalics  ;Irc L:II!VLI l~,u positively cl IaI/11.d hi~l) cncr.gy particles
il]~l)ingillg  o]ltllcv c}lic]eall(l  ils (’C)lIl]”~)IIL’llt  ])ill_t S. llc.rcwc  Iejicw ttlcc~lrlerltkiloivlcdgc
of the in[eq~lanctary  palliclc ci]lrilt~ll[~clll  it the cIIcIp,y ICIn~,CS  (Ililt arc most impoIlant  for
thcsccffccts,  10to 100 MeV/;IIIIu ‘]IIL ~.llll)]l:isis  is 011 []1(, l~:l[[ic]cc  Il\ironIllct]t  at 1 All.
State-of-the-art Cngilmrin:,  lIILNicl\  ,{T. 1)~ i(’1 Iy dcs(litwd  aloII{I, wi[lI coln[ncnts  on the future
work rcc]uirect inthisficldl

lntroclucfion

l’hc problmn of predicting haYiIrdLJII\  [ n ~,iw~]lncllts  f~~r sjMcecI  af[ is complicated by the fact
that thcrcalcnwny  diffcralt  V,I;I>IS ill }I;tli(li ;I d(;vic( i]] spacr C: III bc effected by energetic
particles. l;or example, dc{?,l;id:ltic)ll of (’l\hi.’[l”C)Ili(’ lIaTls a~ld l)OW’CI  10ss in solar cells is
rclatcdtothc.  total dose of imli~ill:’  lii]i;l[i(}:l  LIIC ]).ui rcccivcs  ()\’(v its lifetime. IIowevcr,
ano[hcrtypcof  damage is duc to tll( t fic’c(. GIUSCJ by a siil:,lc im] depositing energy in a
scl~sitivc  vc)lur~lc  oftl~eir~strll  llic]lt  (Sili{’1~’  l.imt lflrcts),  }(H still othcl types of damage
the quantity of importance is tl~( \; I”l I.IL (J1 tllc ]wak paJticlc  f“lux. “1’hc first step in the
evaluation of the environ  n]cri[ tll(’tl, IS II. ) :Ikldiij  tt]c  type of dal[mg,c of ccmccm  and the
pa121111CtClS  Of illlpOI~aIICC  fol t~lat cl h (’l : ]11 (~tOIIS  01 ions, hig~l  cIIc Igy or low, total flux
(flucnce)  01 peak flux. In prill(i]~lc. I III. tl<.llni[]ux  of ~)rcdiut III:, e:Icl I of these quantities
d i ffcr.

Ilncrgetic  particles come fron) t w~)  I II; III ~() L II L.es,  [?,.~]tic.tic  cosll]ic Jays and soku’  events. ‘I’he
two types of palliclcs  are discusw:tl M I,I; I i{(. 1)’.

Galactic Cosmic Rays
Galactic cosmic rays arc plcsc[lt  :1[ ;III I i]llc. :IIId tl]c III:ijOI clIaII~Ic  ill the fluxes and flucnces
is an 11 year solar cycle. ‘1’11(’j  21i htl elicrfy nuclei I)l<)llaj’,:i[ing  throughout the
hcliosphcre. with a flux tha( is al I I I(M. (.( )1 I ~llletcl  y isotropic but is so]aI cycle dependent.
I’here is a dccrcase  (increase) ill UISII II( 1,1.y iiltcllsi[y  IICaI solaI II Iaxil nUIII (mini rmn). l’his
is reftcctcd  ill the neutron ]no]tito]  (011111  illl ~atc d:It;i  SIIOWII in 1 ‘ip,ulc 1. A second  source
of solar cyck variation is the “allolllill’)lls  (’IIJI1]X)II(: III” of the cosl]lic  r;iys, ~’hcsc  paliclcs. .arc hc.llum  aId hcavmr  Ions tl):ll  I I:I\’L. I. 111.~1{1,1,..:; ]Css  t)lal] -50 h4rV/n~lc. - ‘1’hcy are seen at 1
Au only during solar nlinin]ul)l aIIfl t]) (lit; I Is dif fcl lrOIII  ]ni]lirllu}rl  to ]llinimunl  (h4cwaldt
ct al., 1993).

Proton events
Whik  the cosmic rays provide an CSIICI I[i:tl  1) stca(lj  backjl,mu~)d  of hig,ll energy particles,
particles due to solar events doI I Iitlat(. 1111.’  etjvitunnwnl  fm cmrgics f rom 1 to 1 0 0
MeV/amu.  Proton fluxes haw: tr,l~  ( II!)SL’J  \ L:d in sj]acc fJon) I 9(I3 to the present and it has
been found that solar energct  it: ]IaI i i[l~’ L \Iti i[s aIc vcI-y spoIaclic.  IIowevcr,  the data set has
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now been collcctcd over a lot)r (.II(JII}II [it] i > pc]iod to Pcnlli[  a :ood  statistical sample of
proton events to be assembled (All  I IV I LIIIjJ (:[ al,, 1983;  Ser :11s0  lkynlmln  et al., 1993).
l’roton ftuc]lccs (i.e. proton ilLIxcs illt~ j~l ,11 L,] OVCI  a j)cI iod of illc]cakd  flux) observed in
an evcn[ can vary from just alm~’c IIlr (’f lsJ I I IL la}’ lmck~fou  I Id 10 vcIy  high flumccs.  I+’or
e x a m p l e ,  > 10 ]0 protons/cm2 we[r t.11~.cluti  :it e~lcrpicsabovc  IO M(;V during an event in
octobcr  1989 (1 ;cynman et al., 1 $)~).+’~.  } \ICI II flucIIccs  above 1.5 x 109 protons/cm2  t3~>10
McV) are very rare and only alwut 1 + ~ 1~ [t 1, III have OCCUI rcd sii]cc 1963.  No events  with
]]>]()  McV i] UellCCS  >lOIOpI[)tOII\/(III; (),’,’lI!  [(d bdW’1’Cl)  the f:ll]]ous event of August 1972
a n d  t h e  Oc[oher  1989 CVej][, a l~cI io{i ~)j I ‘/ yC:{IS. ‘1’hc 197? cvcat aud its associated
gconl:gncti~  storm ctiuscd  wi(it’sl)l  L.~<i 1)( )w< ~ c)ut:l~cs  in ~’ai]a(ia  iiti(l ttlc LJnited  States and
alcrlc.d  tl)c public to the inlpor(:u)cr  t)~ 111,~1~)1 solar ])mtoll  CVCII(S, ];ut [he  ]7 year hiatus led
tO tbc impress ion  tha t  the l(}-/?  (lCFI[  ‘\\’il\ of a (liffclcIl( cl:Iss fmnl atl o ther  p ro ton
cnhanccmcnts  (King, 1974) aII(l  t}l:~l  (I)i, (hl’lcIeIIt  class was vt’[y rare. I lowcvcr, major
cvcnls had been observed t)cjo] c 1 ‘)(I3 ( Jf )1 itsol] atld  W’e[hcl,  1962; Ircynman  ct al.,
1990) and have appeared a~aili  ill 1),)111  1 ‘~$’,i atld 1991, Majm CVC[l($  appear to be the high
fluc]]ce cnd of a smooth dis[l  il)(l(iotl :)! ]);II ~iclc ftu<’llccs  (It.y])l))all  et a l .  1 9 9 0 ) .  ~’his
smoo[ll d i s t r ibut ion  of flucnct’s  i,s ill 111. IIl:II(i co]l[l~ist to ti]c  ctis[lil>[l[ic)l)  of pc,ak  ftUXeS

19(X)J. C2(IC Inusl Iw talwn to use flucncediscussed by Smart and Shea ([his L<) 11~1(1.ct.,
modc]s for cstimatir~g hazard~  dm’ ~~) it l[ri ~ ,[tcd do~c:s  a(~d to uw ])cak flux models for
effects dcpclldcnt  on that quiir)t  it~.

So]ar  pmliclc  events  arc clcarlj’  its,\[~:i;l[c[!  v i[ll  e\TcIll\  takili~  ])]:(cc ori tllc Sun. There is,
however, currently a majoI colltr~)v~l  y ;~s l,{) wlIcl  h{r tt r pal [i:lr  acceleration takes place
in the flare itself or the  paltir](s  itl< :i<c( !L. I :It(,(i t)} :lssoci~ltl.(1  COrOn;tl  mass  e j e c t i o n s
(CMlk)  (See Gosling, 1993 and ]L.!(ll:il(ts  {Iil:rci]l.) -

in any case it has become cvi(icIlt  tllill  tll(’lL  OIC.  tvo diffcrclll tylx:s of solar X-ray flares,
gradual and impulsive. Thclt is ill(’)  [J:lii[l, cvidcn<w  ttlii( t}}cxc  (Iifkrcllt  types of solar
events arc associated with diffl’j c]][ t yi L’. ~)11  par~icle cvcl)ts  ill ~lw c]lcrgy range above 5
McV (Rcamcs, 1994), I~igurc ? coll[(ii;[~  x 1 ii~ elcn[s  sccrl dUIiIIp, two  days in hflay 1992.
The impulsive event on May 3 sllo~~s t),~f t I i ra~lid irlclcaw aIld a ral)id decrease in x-ray
flux. 111 ~radua] events, such as tl);lt  or Milj’  8, tllc  decay of the X-Iay  intcnsi(y  takes place
over many llours. The two classes a L 11(.) :llways :ls c:{sily  di~tin~uishable  as those in
IJigul-c 2.

Gradual cvcn[s, oftcll catlcd 1,1)1 (1 (tt:I i Illli]tio[]  1 vcIIts), aII. s[ronp,]y  associated with
CM1ki and t~nd to &. the CVCIII.S  \;i[ It I II. l;lll~,cs{ ))101011 IIUCIICCS aTI(l tl]c highest proton
peak fluxes. They have clct  rIcll[; II ,IIIIli II~:)(Iccs aIId isotot)ic” rolllpositions  t h a t  a r c
characteristic of coronal rc{:ioi]s  lI; i\i IIj VI L’]CCtl  CUl tCIllJ)CIdl  LIIr  of ] 01 2 MK (ll-lilliOJJ
degrees Kclvil])  (Rcamcs  et al., I ‘)():), ‘]’llt:  hll{[Cs[  s()]:11”  ]“,]()(()11  fjl)(’lICC  CVCI)tS OftCIl  OCCUr
in association]] with a series of ll~;lj(]] ~!li(.i~l;il  \ l;~rcs  floIll  a sin:l(’ active rcg, ion as it is carried
across the face of the Sun (h4alitkt.}Jl  all I \\ ’ullt)cr,  1 !M2, )@HllNiTl  ct al. 1993). It is widely
bclicvcd  these partic]cs  are accck:ra[t,]  !)) (. ‘K1 I: d] ivcII  shocks ill t lw COJKJIIa  and ]owcr so]ar
wind (c. f. Gc)sling, 1993), I;i{ti,ut~ ~, S! ILIVJS ;I rn;ij(u I)roton C\JCII( associated with a series
of high velocity CMI{S (l~eyntllall  :tIid I Iutl(it]auscll, 1994,  11’c\IIImaII,  1996). If a CMfl
velocity is supersonic with rcs])ccl  to tll,:  :11111 it:nt solat  witld, a sj](wk will form and particle
accclcMt  ion will take place. l~ip u[t’ ~1 SIE ]\I,s t I IL’ vclo:ities of all] lost 1,000 CM[is observed
by the High Altitude Observa[O1~ (F!( ‘,1 1<. ) ,( IroII:I\I,IiI])lI  on tlm Solar h4aximum Mission
(Burkcpile and St.Cyr, 1 993). otrcI t],lli  III.. c\Icn[s  have vc]oci(ics  too low to form a
shock. l;igure  5 shows the. (iist~il)~t. 1“[( )t[l lllc Suil at wl~ich ( ‘hjlis of a given velocity
become supersonic when proj)a~at  ill~  1 I it ~ I ;tI; aw +y. ambicat  solal  wind. Note that for a
CMfl velocity of 700 Km/see tllc sll(wk  f( )r ] 1 i after t}r (M} t is al Jnorc. than 5 solar radii,
This emphasizes the fact that tllc  \,t\[ ] I I, I,!OI i y of (UN4 I k SCCI) iti colon agraph ima~es  have
no shock. q’bc increase in dcJ)sity IIiil it. SIILII a ]]jolllirlc.tlt  slid d[wllatic feature of CM15
images is the CMIi material it w] f. ‘1’}IL I II; Ig,c do{s n o t  s h o w  eitlmr  tlIc s h o c k  o r  t h e
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compressed ambient solar wi])d it) t 11~’. rc~~i[)l  I t)ctwcmi  the slwck  aTId  t hc (.’h4l  i. At Harth the
shock, the compressed anlbiclit s{.}I;ll  \, il ILI : II(i (]IC Ch41{  IIMICI  i:ll  itself al I arc evident in the
solar  wind  o b s e r v a t i o n s  (llilshlx-lj~  (1 :11. 1970).  ‘1’hc  IIUInlWI of (141 {s/year producing
shocks ncal the Sun can bc cs[illl;ltcti  lloJi~ ,(]lnpar  i]]j~ fif:ulcs 4 a]ld 5. WC find that 15 or
20 CMlis  fas( cnoug,h to folr~) :( ],;II [ i( Ir :1(( ~’lc.ratill:  shock WCIL. observed per year.  CMUS
can be observed by corona$,m]dls ii tll,.} {JL,L)I  v’itllill 30 dcgrccs  of cilhcr limb of tllc Sun
so the observations showli  rcl)l{..sct)t “120 (icgrc’cs of’ solar lol)gitude. ‘1’hc longitudinal
extent of the region from which ,SLJ1;U l![ oIL uts cat] ]cwcl] tllc  1 ~il [1) is ]WI haps 200 degrees
(particle enhancements arc c.al]scd I)y mrllls  takill]: ]dacc OJ1 tlw visible disk and also arc
often at[ributcd to events takill~:  }~l;l~.c  011  {II: ftu sIdL.  of the SUII within 30 degrees of the
west limb). Thus the estilnatc~.1  ]lu 1 i 11x’] of shock producili~’ C141 is that may p r o d u c e
p r o t o n  cnhanccmcnts  at E2ulh  is ?5 [() {() jI(’I ycal  dur i]lg tt]c au[ ive period of the solar cycle
(SCC  bc]ow).  After the parliclcs :iu :1( xlci ilt.(d, t I](’y pl’OJJa{?,atc  to tlm ]{aIlh  citllcr directly
along the magnetic fle.ld corlll(’ut  il~:j  1{ ! It I(’ ,~t.cc]cl  ilt iol) rcg, iotl, or aficr Inany scat[crings.
‘1’hc pailiclc  distribution at IUlitll  i,< ]11 i![wtil! isotlol)i(, whicl) ill{. iicatcs repeated scattering.

‘1’hc  other type of solar cvcl~t,  illll,ulslvt  c){rlts, ],ILXIUCC crlcly,(’tic  particle ftucnces with
marked  cnhanccmcnts  of hca~y  JOIIS, ‘1 hc .,,’ cvcIIt\ aTe  grllc’ritl]y  (iornimrted by c]cctron
fluxes and have smaller proto]] jlu>;(.i  [i], IT] t 1 K p.la(iu:li  events. ‘J’l]csc rlcctrons do not C:IUSC
spacecraft charging  and do not ] ci~j i~c tlt ;i[l~, sig,llific;~nt  II[iz;il d t () s]]acc.craft.  Studies of the
Composition indicate that tix’  ioIIs .I r{.’ h <)111 lc>gions 01 tiIr ml o n a  h a v i n g  e l e c t r o n
tcmpcraturcs  of 3-5 MK (Rcall~cs.  1 Wl I,

A IDroton Fluencc  Mode]

A n  i m p o r t a n t  u s c  o f  particl~’ flIItIIC,:  ])I((iicti(~lls is ill tllc  dcfinitiorl  of a ra(iiation
environment for spacecraft sJ’sl(’lJ  ) ~i[~i~’ II, ‘J’hu sunspot  nuT]liwl is c)f~cll used as a back-
of-the-cnvc]opc guide as to tilt:  cx]):ci(.’(i sL~\’L’ritv  of ti~c ])a~tici(: cllvirolll)lcnt.  }lowevcr,
that R not a valid approach, even l’{lt a [i] S( ~Tucs~ fl~cynl])ar] et ai., 1990). Thirty years of
experience have shown that ti~t’ pJ ()(( III [1 Ilcll,t  to i)c cxpcctcd ])CI ycaI  is ]Iot proportional to
the sunspot number in that ycal or (Ilt IIl;).>.llllunl  su]lspot ]Iur[llrr  of tlmt  cycle (figure 6) .
The important parameter aplwars t f) 1 w, rlt~[ tllc sLlrlspot nullltx.1, but the phase of the
sunspot  cycle.  Figure 7 s]]ovs til( [I I{:Ii itl[~.~r:ltcd  ycatl y f] [I(rlcc for 12 month per iods
(years  relative to the sunspot Iil;lxilllllil  I 111011111)  froln 19S6 thlou:,h  1985.  l’hc cycle can be
dividc(i  into active and quiet p{l io[i~. 1 )(II iilit  the qui(”t  pcl io[i  tik> l’isk fmlll proton events is
minimal. 1’Iw active pcrio(i is ti)c ‘/ ~iii Is i>:SinniIl:  2 ycaIs  tx’fble  maxinlurn and lasting
until 4 years after maximun]. 1 vu)] ill III( a(’litc  ~lcr io(i there  is a factor of 100 difference in
flucncc  among the cycles, in cstil)~:ltil~i?  fl[l(nrcs  f(~~ ;I ]nissiorl, OIIly tl]e number of active
years need be taken into accou M.

A predictive model for proto~)  fltlclic(;, call L,i JPI 1991, ]Ms IXW1 de.vclopcd  usil~g  data
from 1963 through April of 1991 (I C? IIIII;III ct al., 1 993). Scvrlal vely large proton events
have occurrtxi since the model v,,a~  LX! IISII ll,t,:(i, p:ir(icLllally  ill tlw ]atcr  months of 1 9 9 1 ,
~]owcvcr,  predictions made by tlw i, Lil,1 i;ili.,i  Jnodc]  \~7CIC not c})al~gcd  sj~nifical)t]y  by the
inclusion of these later events. ‘1  ‘iI(h 11’1  1991  I[mic] a]~JmT~>Iltly  i s  b a s e d  o n  a  d a t a  s e t
collected over a long enough ti~ltc  lIJ:N t is (juik! stable. 1 ‘o! a uol]l]~lcte  description of the
mode] see l~cynman  et al, (1 993), 1 ltr~ ()[lil it blicl’  (icscri\)tioll  is ~ivcn.

The data set contains hoLw]y  values 01 t ilc f] LL,”IICeS collectc(i irl s]mcr I)y tllc OG() series of
spacecraft. As il]ustr:Lted  in fig u t (’ 3 IIIII(JI  l~lt)toll  cvcl]ts at’~’ LIsua]ly coI1iposcd  o f  a  series
of increases associated with a SCI ici oi ‘( ‘Al) ‘,~ or fial~s ft~~ln a sill~,lc  active region as it is
carrhxl across the face of the Sut 1 ‘i ‘{) 1 ,il.( :i xount  of this cft’crt wc (icfinc a proton “event”
by defining a threshold value ji~] tllc (iiiii~  1 iucncc We thc)l  illtcgyatc  the daily flucnces
startin~  with  the fjrst  day 01] M]li(ll  ti~c ili]ctj,,’c  e.xccctis  t}lc tillrsl)o]d  aII(l ending when  the



ftucncc is bc.low the threshold for []K): I:  (Imfl  OIIC  da>’. Usill~  tlIc list of events defined in
this way, we arrange the data ill oldLl  (1’ {’ici~t  in[cf[a{cd flucncf.. 1 (01’ Cach  Cvcllt  we then
plot the size of the flucncc vcv sus II)( [ILrccI~I of cte])(s i]~ [Ilc dat:i  set that have a flucncc
less than that sire. F o r  cxalllpl~’,  if ~{c Il:ii  a data set col)tai[lillp,  100 events, the graph
would show tl]c log of the nla~’,niludt” (ii ttl~  ,~ldilmtc  :tnd 99% ()]I tllc abscissa, since 99 of
the 100 events have a fhtcnce.  less ttml tl~c ~ll[:cst  jlurncc, ‘J’tlc I) Icdian  flucnce would be
ploltcd  at 50%. l~igure 8 sbovs  tllr 11.\ IulIi III I Illot  for ]mticlc  elwi~,ics >1 (1 MeV during the
active part of the solar cycle.

in figLlrc  8 the abscissa has Iwc]l ] ul.d so {Imt il ttlc tl)a~l~itudcs  of the events had a
Gaussian distribution, the points WtIIIILi i:]’])caI  al(mg a sll,ii@ll  Iinc. Obviously the
distribution is not (iaussian. 1 Iowclrc], lIN .listril)utioll  is so stm]~ at tlm high flucnce  end
tha( the tota l  ftucncc  expcric]]c~.d  III ,+ llli~si, ~11  will h. deku Itlin{xl I)y (IIC number of very
large events, if any occur. IIccalus( 01 lllis il is onl~”  illlf)o]iiu)t to pdid  t h e  l a r g e  events
accLwatc]y.  ‘1’o do this a ~JaLlsS!alJ is U!!.>(I III Ii fits tl~c lars,cs[ cvrllts  WCII, as shown in the
figLlrc  8. ‘J’his Gaussian is tlltll us(d ill hfl IIIk (’arlt~  calculal  ions  of flucnces  for various
mission lengths. Scc Fcynma!l  ct ill,  ( 1 ‘J!),i),  1 ‘igulc 9 S}1OWS tt]e ]]robability of exceeding a
Siven flucncc  for several diffcic[lt  Illisi{lll  lII@ foI  enrrp,y >10 Mc\~. ~’his figure may
be used directly for missions :1{ 1 A(; I<() {~[llc] cotnputu  1) mdclill~:,  is needed. Simply
count  the  number  of years  the IIlissi(~l] mri];  fly  dill illg  tlw ac[ivc ~):~11 of the  so lar  cycle
defined in figure 7, decide on [}](s ]II~)! .il)il  I } desired and lca(l  IIlc flucncc from figure 9.
I:or mission lengths longer than tllc  ‘/ ii t i~’c ~k’ars, ,..‘i<samc t}mt 110 jlucncv  will be collected
during the quiet solar period slid wl(i tlI’ !’111(  Ilce 101  tlIr ad(lil.ioll;  il ilC(i VC years.

l’roblem areas for fut(lrc M o]’k

Although we can Jnakc  a statistical ]J)(.[li~  [i[)]l of the IIlissiol]  itltcp,latc(] flucnces  of protons
at 1 AU, the situation is less ttlall  s;ltisl.lc  ttlJ \ for otllc]  in~J}o~lant  Jmran~ctcrs. For example,
no models exist for the plcdictio[l  ()! ]~.iil. flu XCS, althou~,t]  tlw Jwak flux distribution
JYCSCJltCd  at this nlcctiJlg (Sma![ and Sllcil, 1 ‘YM) is WI ad~ta~wr  towalds that goal. ~’his is
an ln]Jlortant  Jmr<amctcr  for nNIIIy  dcI)i. c:. i] s]mcc and shou]d  IK the focus of a modeling
study.

other  very inlJJollaJlt  paranlct(’ls ill{’lu k I])( f]uxcs at]d flucrlccs of” heavy ions. ldcally the
bcs( method would be to usc tl~c ll~(asl  I TL{.I i III ftuxe.s  and COI)SI1 uct a model based on that
data. }+owcvcr, the ion ftLlc]tccs :Ilt’ (ilj I’i( uli t(.) ]ncasul”e. ‘1 Ilu< Jlo data set exists that
covers a JonR enough time pmiod }$itl  I s~lfl’t Licnt a{.curacy  to IIjakc SUCII  a model  feasible.
lnstcad,  the usual proce(turc  is 10 tIIlu I I;IIC I IN’ pI”otoII flmmcr  aIId Mimatc  the ion flucnce
from some estimate of the iotlfJm)t(}ll t .i! io. ]Iut t] Ie ioI1/])1 oloII  I alio varies strong] y f r o m
event to evcn[. Sometimes a” doul  ~1(’  (f’()[>t ~;ise”  sccllarjo is used in wl]ich a major J)roton
event fJLlcncc  is assumed to have. ;~!l i)ll c}~~iChcd  uolnJxxitioll. 1 lowevcr, as pointed out
above, major proton events an.’ ,1~.,(),.i;ilt’(1 w i t h  fyadual solar evcllts whereas ion
enrichments arc associated wi[l~  itll]~ulsi\x’  t:vents. ‘1’lmc is ]1o k]mwll case in which a
major Jmotoll  event exhibits an cnr  itlmi  ( (~11 l~~osit  iol). A J]1o]”c realistic J)loccdure would be
to use ftucnccs from major r)~{)(oll  c,c]lls Lkith tl~c ioll/l)rotf)ll  lalios  nlcasurcd in major
events,  A second approacl]  that II;ii l}rfIl :.u~~,ges[cd  is lmscd 0[1 the observation that the
ionfllclium ratio does not vary j 10111  cw] II ((I i’\’CIlt as st[ ollgl  y as does  the ion/proton ratio.
}]c]ium is more easily  detected th;al ]IC II’) i(;ls  so t}m[ a bc[m ]w]iul)l  data set exists. ]t haS
been suggested that a model of (Iw l]:li 11111  jl I K’IICC  b: constructc.(i  usil)g  the same techniques
as have bee]] used for the protons. ‘] tu i(lllhlcliurll  ratio would tlIrII  permit a more reliable
estimate of the expected heavy ion  UIIVII(~I  II II:: IIt.
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~ior space missions that are not c(~i  11’11  K’d III I Al 1 tt)c  quest io]l of” the heliocentric radial
gradient of the fluxes and Jlucvlces  I XL . )11 1,*s v(,r-y illl JI~Jrta  Ilt. 1[ ll;i< bccil  suggested that the
largest obsrrvcd values 01 J]cal; f] II> ,11~’  due.  [ o  [IIC illtclac[i~)ll  o f  ah eady accc]emted
partic]cs with shocks in space (cf. Sti,;l ;iIi(! SIIx\ll 1990). Wol k sh(~uld bc done to verify
this cofuxp(.  Hvcnt  intcgrfitcd  ~lu(-~t(t  . 1 los. a djffol’nt  prob]cll]. ‘J’]m Iadial  gradient wi]l
depend on tlvc method by whic]l tl~cw  ] I;It [ i( 1.“ > art’ acucle] atcd, pal  ticular]y  whether they arc
accclcratcd  in flares at the Suti, I)y ( ‘hll;  I.]) OCRS ill the. J-i CaI-,SUII  Jc~, ioJl, or by shocks
throughout the hcl iosphcrc. ] ‘III Llit’1  lLIIId,I IIrIIt;il s[udics a[N.i nmdcling  of the proposed
acce.lcration processes are nmxicd l~li CJI(> t IN, r,ldkl j:l ,Idicnts  car) bc u!]dcIstood well  enough
to make rcliab]c  estimates of tl)c  CA]I.,. {l 1<1 ii.!tif}ll  cll~’irollnlell[  ill spat.c.

AckJ)ow’lc(]g)~lents:  I thank 1 h, S. 1 ~. (ial I icl fo] ii)tercst i[l:~,  discussions and Ilr. B. G.
~o]ds(cin  for calculations of tll(! 11~’li(>’([lt(  i’ s}mch tiista!lccs. ‘J’11 is research was carried
out by the Jet Propulsion 1,ab(H at{lI y, (.’. tlif II Ilia IIlstitulc  of 7’rclIIIolo~y,  uJldcr a COJltJZiCt
with the National AcroJ]autics  WI(I SI),I L’ A~ Ilkinistl,]{i(m.

Figure Captions:

1  ‘igur’c ]. fh]ar cyc]c  variatiott  of t IN Slll)!l):)t  nun){~cr  a n d  of’ IICUII’OJI  Jnonitor  couJltiJlg
rates (McKibbcn, 1988). The coutlt ii]:: i,IK ; arc itldlca(ivc  of tllc flilc]~ccs  of high energy
gzilactic cosmic rays and inclCii\c  witt]  111(1(.:~ing,  cost)~ic Iiiy flux

1 ‘igurc 2. X-ray events seen clilt  ill:’  i u ~) da:, s ill Mat 1992, slit )wjnp the contrast between
gtiidual and impu]sivc  CVeJItS  (dil(it fI(II  II Sol;tr  aIId  ~;cq)hysic,tl  I )a(:i, NJ{S, NOAA, 1992).

J;igurc  3. TIIc major proton CVW)I  (If’ Nlitf  l}) 1989, I’llis c~rc~lt  v,a~ associated with a series
of high velocity ~Mtis  (dat; t ft om Stll,i( :(11(1 ( ic.(q)liysic:il l)at;i, N} 3, hlOAA, 1989).

JlgLuc 4. Vclocitics  of al~nos~ 1,(J(KJ ( ‘Ml . observed by It)v IIip,ll Altitude. observatory
(NC? AR) coronagraph  on the Sol;iI hJ;I ii) ll~ltll h~isslo[]  (Bidw])ilc  and St .~yr, 1993).  l’hc
last bin contains all ~Mlis with ~t”l(}.i[ic>  ~~i~,itcl  ttt:i~)  1,200  kIII/scc.

l;igurc  6. g’hc proton flucncc  ]WI I;) 111:)11111 ]Ksriod vs. the SUIIS])O(  liiln~brr  during the same
period, showitig  that these qualltiti~~  ;!( I)()[ l)ro]mr(ioniil,

l:igurc  7. l’lm total intcgra(cd }fallj  1’IIIIIIC( 1(u 12 I]l(mlh pc] io(l~ (ycms ]clativc  to sunspot
n];iximum)  from 1956 throug]l  19X5,

l;i.gurc 8. l)istJibution  of evcIIi  fl~lull~[  , ltII ~}:i!liclc ellqics  >10  h!cV  during the active part
of the solar cycle.  The  straip,ll[ lillc is ,. I ( i:+ I lsiial]  fit to ttm dish il)u(ioll  of the, large fluence
evcJlts.

~;iglirc  9. The probat)ility  of CXCCC(I  I II} 8 y,i’ t) II fJiIcJIcc fol SCVC1 ,11 dif”fcrcv)t  mission kmgths
for energy >10 McV.
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